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21 $[1]\Sigma$ . $\Sigma$ 2
$\Sigma$ 2 .
$\Sigma$ 2 $\Sigma^{2+}$
. $x\in\Sigma^{2+}$ , $\ell_{1}(x)$
$x$ , $P_{2}(.\tau)\}$ $x$ . $1\leq$
$i\leq\ell_{1}(x)$ $1\leq j\leq\ell_{2}(x)$ $x(i, j)$ $x$
$i$ $j$ . , $1\leq i\leq i’\leq\ell_{1}(x)$
$1\leq j\leq j’\leq P_{2}(x)$ , $x[(i, j), (i’j))’]$
2 $z$ .
(1) $l_{1}(z)=i’-i+1$ $l_{2}(z)=j’-j+1$ ,




$x[(i, 1), (i, n)]$ $x[i, *]$ .
1: 1 1 ( - )
22 [2] $k,$ $l$ . k
l
(ARH$k\mathrm{V}l$ ) t 7
$M=(Q, q0, U, F, \Sigma, \{0,1\}, \delta)$ ,
. ,
(1) $Q$ ,
(2) $q_{0}\in Q$ ,
(3) $U\subseteq Q$ ,
(4) $F\subseteq Q$ ,
(5) $\Sigma$ ,
(6) $\{0,1\}$ , ,
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(7) $\delta\subseteq((Q\cross\{0,1\}^{k}\cross\{0,1\}\iota)\cross((\Sigma\cup\{\#\})\cross$
$\{0,1\}^{k}\cross\{0,1\}^{\downarrow))}\cross((Q\cross\{0,1\}^{k}\cross\{0,11^{\iota})\cross$
$((\Sigma\cup\{\#\})\mathrm{x}\{0,1\}^{k}\cross\{0,1\}^{l})\mathrm{X}\triangle)\}\mathrm{h}\sqrt\star \mathrm{R}^{\mathrm{b}}\mathrm{C}\mathrm{j}\backslash \ovalbox{\tt\small REJECT}\Theta$
. ( $\#\not\in\Sigma$ , $\triangle=\{\mathrm{u}\mathrm{p}$ , down,
left, right, stationary} $\ovalbox{\tt\small REJECT} \mathrm{J}B$
. )
$u_{\mathrm{H}}.\cdot(u\mathrm{v}_{j})$ i( ( )
, 1 .
$q\in Q$ ,
$\mathrm{u}_{\mathrm{H}}=(u_{\mathrm{H}_{\text{ }}}, \ldots, u_{\mathrm{H}_{k}})\in\{0,1\}^{k}$ ,
$\mathrm{u}_{\mathrm{V}}=(u_{\mathrm{V}_{1^{1}}}\ldots, u_{\mathrm{V}_{\iota}})\in\{0,1\}\iota$ ,
, 3 $[q, \mathrm{u}_{\mathrm{H}}, \mathrm{u}\mathrm{v}]$ $M$ $q$ ,
$u_{\mathrm{H}},$ $,$ $u\mathrm{v}_{j}$
\searrow .




$\mathrm{v}_{\mathrm{H}}=(\mathrm{m}_{1k}, \ldots, v_{\mathrm{H}})\in\{0,1\}^{k}$ ,
$\mathrm{v}_{\mathrm{V}}=(v_{\mathrm{V}_{\text{ }}\cdots,\mathrm{v}_{1}},v)\in\{0,1\}^{l}$ ,





$((q’, \mathrm{u}’\mathrm{u}_{\mathrm{v}})\mathrm{H}",$ $(a”, \mathrm{V}_{\mathrm{H}}, \mathrm{V}_{}’, d))\in\delta((q, \mathrm{u}_{\mathrm{H}}, \mathrm{u})$ ,
$(a, \mathrm{v}_{\mathrm{H}}, \mathrm{V}))$ a=a’








$\mathrm{u}_{\mathrm{H}}=(u_{\mathrm{H}_{1}}, u_{\mathrm{H}_{2}}, \ldots, u_{\mathrm{H}_{k}})$ ,
$\mathrm{u}_{\mathrm{H}}’=(u_{\mathrm{H} ,\mathrm{H}}^{J} u’, \ldots, u_{\mathrm{H}_{k}}’)\iota 2$
’
$\mathrm{v}_{\mathrm{H}}=(\mathrm{m}_{1}, \mathrm{m}_{2}, \ldots, v_{\mathrm{H}_{k}})$ ,
$\mathrm{v}_{\mathrm{H}}’=(v_{\mathrm{H}_{\text{ }}^{}\prime}, v\mathrm{H}2v_{\mathrm{H}_{k}}’)’, \ldots,$,
$\mathrm{u}_{\mathrm{V}}=(u\mathrm{v}_{1}, u\mathrm{v}_{2}, \ldots, u\mathrm{V}_{l})$ ,
$\mathrm{u}_{\mathrm{V}}’=(u_{\mathrm{V}}’, u’\mathrm{v}12’\cdots,\mathrm{v}_{\iota}u’)$ ,
$\mathrm{v}_{\mathrm{V}}=(v_{\bigvee_{1}}, v\mathrm{v}2’\ldots, v_{\vee\iota})$ ,
$\mathrm{v}_{\mathrm{V}}’=(v^{r_{\mathrm{V} ,\mathrm{V}}} v12’, \ldots, V\mathrm{v}_{l})’$ ,
,
$(u_{\mathrm{H}}, v_{\mathrm{H}_{i}}:’ ur_{\mathrm{H}:\mathrm{H}}, v’)i\in\{(1,0,1,0),$ $(1,0, \mathrm{o}, 1)$ ,
$(0,0,0, \mathrm{o}),$ $(0,1,0,1)$ ,
$(0,1,1,0)\}$ ,
$(u_{\mathrm{V}}, V)u_{}jjj’$ , $v’\mathrm{v}_{j})\in\{(1, \mathrm{o}, 1, \mathrm{o}),$ $(1,0,0,1)$ ,
$(0,0,0, \mathrm{o}),$ $(0,1,0,1)$ ,
$(0,1,1,0)\}$ ,
$(1 \leq i\leq k, 1\leq j\leq l)$ . ,
.
(1) , $M$























$((q”, \mathrm{u}_{\mathrm{H}}, \mathrm{u}_{\mathrm{v}})’, (a\mathrm{v}\mathrm{V}_{\mathrm{V}}^{;}d’,’)\mathrm{H}")\in\delta((q, \mathrm{u}_{\mathrm{H}}, \mathrm{u}\mathrm{v})$,
$(a, \mathrm{v}_{\mathrm{H}}, \mathrm{v}\mathrm{y}))$ , ( $u_{\mathrm{H}}:$ ’ , $u_{\mathrm{H}_{1}}’.,$ $v\prime \mathrm{H}_{1}.$ )
$(u\mathrm{v}_{j}, v_{\mathrm{V}_{jj}}, u’\mathrm{v}, v’\mathrm{V}_{j})$
.
(1) $i(1\leq i\leq k)$ ,
$(u_{\mathrm{H}_{1}}., \mathrm{m}:’|vu_{\mathrm{H}\cdot)}’\mathrm{H})’:=(1,0,1,0)$
, $j(1\leq j\leq l)$ ,
$(u\mathrm{v}, v_{\vee}, u_{}’, v’\mathrm{v}jjjj)=(1,0,1,0)\sigma)\hslash^{\iota})$
(2) $i(1\leq i\leq k)$ ,
$(u_{\mathrm{H}}, \mathrm{m}:|.,:vu_{\mathrm{H},\mathrm{H}_{1}};’.)=(1,0,0,1)$
, $j(1\leq j\leq l)$ ,
$(u_{}, v, u’\mathrm{v}_{j}, v’\mathrm{v}j)=jj(1,0,1,0)$ ,
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(3) $i(1\leq i\leq k)$ ,
( $u_{\mathrm{H}}:$ ’ ) $u_{\mathrm{H}_{\dot{\mathrm{t}}}}’,$ $v’\mathrm{H}|.)=(0,1,1,0)$
, $j(1\leq j\leq l)$ ,












$((q’, \mathrm{u}_{\mathrm{H}’ \mathrm{V}}’’\mathrm{u}),$ $(a^{\prime;\prime}, \mathrm{v}_{\mathrm{H}}, \mathrm{v}_{\mathrm{v}}, d))\in\delta((q, \mathrm{u}_{\mathrm{H}}, \mathrm{u}_{})$,
$(a, \mathrm{v}_{\mathrm{H},\mathrm{v}}\mathrm{v}))$ , $(u_{\mathrm{H}_{i}}, v_{\mathrm{H}}\dot{.} , u_{\mathrm{H}}’, v_{\mathrm{H}}’):$:
$(u\mathrm{v}_{j} , v\mathrm{v}_{j}, u’’\mathrm{v}_{j}, v\mathrm{v}j)$
.
(1) $i(1\leq i\leq k)$ ,
$(u_{\mathrm{V}_{1}}. , v_{\bigvee_{i}} , u_{\mathrm{V}_{1}}’., v\mathrm{v}_{\dot{\mathrm{i}}})’=(1,\mathrm{o},1,0)$
, $j(1\leq j\leq l)$ ,
$(u_{\mathrm{H}_{j^{)}jjj}}v_{\mathrm{H},\mathrm{H}}u’, v_{\mathrm{H}}’)=(1,0,1,0)$ ,
(2) $i(1\leq i\leq k)$ ,
$(u\mathrm{v}:’ v\mathrm{v}:’ u’\mathrm{v}\mathfrak{i}’ iv’\mathrm{v})=(1,0,0,1)$
, $j(1\leq j\leq l)$ ,
$(u_{\mathrm{H}_{j}}, V_{\mathrm{H}} , u^{J}j\mathrm{H}j ,\mathrm{H} v’j)=(1,0,1,0)$ ,
(3) $i(1\leq i\leq k)$ ,
$(u_{\mathrm{V}_{1}}. , v_{\mathrm{V}}, u\mathrm{v}::’, v_{}’:)=(\mathrm{O},1,1,0)$
, $j(1\leq j\leq l)$ ,










. , $\mathrm{D}\mathrm{R}\mathrm{H}_{1}k\mathrm{v}_{2}\iota$ 2
$\mathcal{L}[\mathrm{D}\mathrm{R}\mathrm{H}_{1}k\mathrm{v}_{2}\iota 1$ .
26 [2] , , 3
2 $\supset-$ 3
$I$ . , $L(n)$ : $\mathrm{N}arrow \mathrm{R}$
$n$ . $m,$ $n$ , $m$ $n$
$x$ , M $x$
T ,
$c=(x, (i,j), (q, a, k))$ , $|\alpha|\leq L(n)$




2: $L(n)$ 3 1
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3312 $T\langle k\rangle$ ,
$T\langle k\rangle=\{x\in\{0,1\}^{2+}|\exists n\geq 1[\ell_{2}(x)=7\iota$
$\exists m\geq 2[P_{1}(x)=k\cdot m$
$\exists i,$ $j(1\leq i, j\leq m, i\neq j)$
$[x[block_{k}(i)=x[bl_{\mathit{0}}ckk(i)]]]]]$
$-x$
1 ($‘ 1$ ” }
. , $x[bloCk_{k}(i)]$ $x$
$i$ k- . , $x[((i-1)\cdot$
$k+1,1),$ $(i\cdot k, n)]$ .
$k$ ,
(1) $T\langle k+1\rangle\in f[\mathrm{D}\mathrm{R}\mathrm{H}_{1}1\mathrm{V}2k])$
(2) $T\langle k+1\rangle\in f[\mathrm{D}\mathrm{R}\mathrm{H}_{2}1\mathrm{V}1k]$,
(3) $T\langle 2(k+1)\rangle\in f[\mathrm{N}\mathrm{R}\mathrm{H}\mathrm{l}\mathrm{l}\mathrm{v}2k]$,
(4) $T\langle k+2\rangle\in f[\mathrm{N}\mathrm{R}\mathrm{H}21\mathrm{v}_{1}k]$.
5. ,
j $(k+3\leq j\leq 2(k+1))$ “ 1”
$(j-k-2)$
.
6. $\text{ }\supset \mathrm{i}$ ,
, $j$






8. “ 1” , $(j-$







2. $j$ $(2\leq j\leq k+1)$ ‘ 1”
$(j-1)$ .




4. “ 1” ,











2. j $(k+3\leq j\leq 2(k+1))$
“ 1” $(j-k-2)$ .
3. $(k+2)$ “ 1” ,
$(k+2)$ “ 1” .
4. “ 1” ,
$i$
.
3: $T\langle 3\rangle\in \mathcal{L}[\mathrm{D}\mathrm{R}\mathrm{H}\mathrm{l}\mathrm{l}\mathrm{v}22]$




6. $\neq^{-}\supset \mathrm{i}$ ,
‘ 1 ” .
1. $i$ j $(3 \leq j\leq k+2)$




8. “ 1” ( 6
)
3. 2 “ 1” , 2
“ 1” .




















5: $T\langle 6\rangle\in f[\mathrm{N}\mathrm{R}\mathrm{H}\mathrm{l}122]$
(1) $f[\mathrm{D}\mathrm{R}\mathrm{H}_{1}1\mathrm{V}2\text{ }]\subseteq f[3\mathrm{N}\mathrm{T}(n\mathrm{l}k+1n\mathrm{o}\mathrm{g})]$,
(2) $f[\mathrm{N}\mathrm{R}\mathrm{H}\mathrm{l}\mathrm{l}\mathrm{v}_{2}k1\subseteq f[3\mathrm{N}\mathrm{T}(n^{2(+)})k1]$,
(3) $f[\mathrm{D}\mathrm{R}\mathrm{H}_{21}1\mathrm{v}k1\subseteq f[3\mathrm{N}\mathrm{T}(n^{k+}\mathrm{l}1\mathrm{o}\mathrm{g}n)]$ ,
(4) $x\iota \mathrm{N}\mathrm{R}\mathrm{H}_{2}1\mathrm{V}_{1}k1\subseteq \mathcal{L}[3\mathrm{N}\mathrm{T}(n)k+21\cdot$
$\overline{((11)).}$IV2 $kM$ $m$ $n$ $x$
3 .
$f_{1}^{\mathrm{f}\leq \mathrm{H}}..’ Q\cross\{0,1, \ldots, n+1\}\cross\{-1,0,1, \ldots, n+1\}k$




$f_{i}^{\uparrow-\mathrm{H}}$ : $Q\cross\{0,1, \ldots, n+1\}$
$\mapsto Q\cross\{0,1, \ldots, n+1\}\cup\{l\}$ ,
$f_{i}^{1\geq \mathrm{H}}$ : $Q\cross\{0,1, \ldots, n+1\}\cross\{-1,0,1, \ldots, n+1\}k$




6: $T(4\rangle$ $\in x[\mathrm{N}\mathrm{R}\mathrm{H}21\mathrm{v}_{\iota^{2}}]$
$f^{\mathrm{t}\leq \mathrm{H}\ldots,\prime}.\cdot I\geq i\text{ }(q,j,$$(,.M\text{ }(q,(i-, ..1^{\cdot ,’ (J1’ j2J\prime J)k))$
,
$I,$ $(J_{1}, J_{2}\ldots, J_{k})))$
, M $x$ $i$ ,
$(q’, (i,j’),I, (J_{1’ 2’ k}’J’\ldots, J’))$
.
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$f_{1}^{\uparrow\leq}.(\mathrm{H}q)j,$ $(J1, J_{2}, \ldots, Jk))=l$
$M$ $(q,(i-1, j),I,(J_{\iota}, J2, \ldots, Jk))$
, $M$ $\mathrm{i}$
.






$(q’, (i, j’))-1,(-1, -1, \ldots, -1))$ .
$f_{i}^{\mathrm{f}-\mathrm{H}}(q, j)=l$
$M$ $(q,$ $(i-1, j),-1,(-1,$ $-1,$ $\ldots$ ,
$-1))$ , $M$ $i$
.
$f_{\mathfrak{i}}^{\downarrow\geq \mathrm{H}\prime}I\leq i\text{ }M\text{ }(q(q,j, (J1J.,,J_{k}))qJ_{2}, .,\cdot., J_{k}^{l}))(i+$
1, $j$ ), $I,$ $(J_{1}, J_{2}, \ldots, J_{k}))$
, M $x$ $i$ ,
$(q’, (i, j’),I,(J_{1}’, J’2)\ldots J_{k}r))$
.
$f_{\mathrm{i}}^{1\geq \mathrm{H}}(q, j, (J_{1}, J_{2}, \ldots, Jk))=l$
$M$ $(q, (i+1, j),I,(J_{1}, J2, \ldots,Jk))$
, $M$ $i$
.
3 , $3\mathrm{N}\mathrm{T}(n^{k+1}\log n)M’$
,
,
1. $f_{i}^{1\geq \mathrm{H}}$ , 2. $f^{\uparrow<}.\cdot\mp^{\mathrm{H}}1’ f_{i+}^{\uparrow-\mathrm{H}}1$ , 3. $f_{1-1}^{1\geq \mathrm{H}}$.
,
. $i$ } ,





$(q, (m+1, n+1), -1, (-1, -1, \ldots, -1))$ $M$
. M $m$








(2), (3) $,(4)$ .
7: $f_{i}^{\mathrm{t}\leq \mathrm{H}}(q, j, (J_{1}, J_{2}, \ldots, J_{k}))$
5
, 3 , 4




$T(k\rangle=\{x\in\{0,1\}^{2+}|\exists n\geq 1[\ell_{2}(x)=nt)^{\mathrm{a}}\text{ }$
$\exists m\geq 2[p_{1}(x)=$ . $m7$) $\mathrm{a}\text{ }$
$\exists i,j(1\leq i, j\leq m, i\neq j)$
$[x[b\iota oc\text{ }k(i)=X[bloCkk(j)]]1]1$









co- $f[3\mathrm{N}\mathrm{T}(n^{k1}\log n)+]$ ,
(2) $f[3\mathrm{U}\mathrm{T}(n2(k+1))1=c(\succ f[3\mathrm{N}\mathrm{T}(n2(k+1))1$ ,
(3) $f[3\mathrm{U}\mathrm{T}(n^{k2})+]=c\sigma- f[3\mathrm{N}\mathrm{T}(n^{k})+2]$ .
, co-E $\mathcal{L}$ .
52 ,
(1) $c\sigma- x[\mathrm{D}\mathrm{R}\mathrm{H}11\mathrm{v}2k]\subseteq f[3\mathrm{N}\mathrm{T}(n^{k1}\log n)+]$ ,
(2) $c(\succ \mathcal{L}[\mathrm{N}\mathrm{R}\mathrm{H}\mathrm{l}\mathrm{l}\mathrm{v}2k]\subseteq f[3\mathrm{N}\mathrm{T}(n(k+1))2])$
(3) $cxf[\mathrm{D}\mathrm{R}\mathrm{H}21\mathrm{v}1k]\subseteq f[3\mathrm{N}\mathrm{T}(n^{k+1}1o\mathrm{g}n)])$
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(4) $c(\succ f[\mathrm{N}\mathrm{R}\mathrm{H}21\mathrm{V}1k]\subseteq f[3\mathrm{N}\mathrm{T}(n)k+21\cdot$







(1) $\mathcal{L}[\mathrm{D}\mathrm{R}\mathrm{H}_{1}1_{2}kl\subseteq f[3\mathrm{U}\mathrm{T}(n^{k+}1\log n)1$ ,
(2) $f[\mathrm{N}\mathrm{R}\mathrm{H}_{1}1\mathrm{v}_{2}k]\subseteq \mathcal{L}[3\mathrm{U}\mathrm{T}(n^{2(}))k+1]$,
(3) $f$ [ $\mathrm{D}\mathrm{R}\mathrm{H}_{2}1\mathrm{V}_{1}$ ] $f[3\mathrm{U}\mathrm{T}(n^{k}\mathrm{l}+1\mathrm{o}\mathrm{g}n)]$ ,
(4) $f[\mathrm{N}\mathrm{R}\mathrm{H}_{2}1\mathrm{v}1k]\subseteq f[3\mathrm{U}\mathrm{T}(n)k+21\cdot$




(2) $f[\mathrm{N}\mathrm{R}\mathrm{H}_{12}1\mathrm{v}k1\subsetneqq \mathcal{L}[\mathrm{N}\mathrm{R}\mathrm{H}_{1}1\mathrm{v}2k+1]$ ,
(3) $f[\mathrm{D}\mathrm{R}\mathrm{H}_{2}1\mathrm{v}_{1}k]\subsetneqq f[\mathrm{D}\mathrm{R}\mathrm{H}_{2}1\mathrm{V}_{1}k+11$ ,







































: X $\in\{\mathrm{D}, \mathrm{N}\}$ ,
[1] T.Hasebe et.al., ttTwo-dimensional Ruler Au-
tomata”, Proc. the 5th Inter. Workshop on Par-
allel Image Analysis, $\mathrm{p}\mathrm{p}\mathrm{l}24- 143(1997)$ .
[2] , ‘( 2
=L ”,
(1992).
[3] A.Ito, K.Inoue, Y.Wang, “Nonclosure Prop-
erties of Two-Dimensional One-Marker Au-




: X $\in\{\mathrm{D}, \mathrm{N}\}$ ,
$f[\mathrm{X}\mathrm{R}\mathrm{V}1k\mathrm{H}21\mathrm{V}3l]\subsetneqq f[\mathrm{X}\mathrm{R}\mathrm{V}1k\mathrm{H}_{2}1\mathrm{V}3l+1]$ ?. 2
: X $\in\{\mathrm{D}, \mathrm{N}\}$
,
$f$ [XRHIVk] $\subsetneqq X[\mathrm{X}\mathrm{R}\mathrm{H}\mathrm{l}\mathrm{V}k+1]$?
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